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Multiple Regression Analysis : Further
Issues

1 Data scaling on OLS statistics

e
When we change the unit of measu‘ll"ment of a variable, the value of estimators would

chance accordingly. For example
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bweght 50 + ﬁlczgs + ﬁzfa min c,

where

bwght = child birth weight, in grams.

cigs = number of cigarettes smoked by the mother while pregnant, per day.
famin ¢ = annual family income, in thousands of dollars.

o What if we uR bweeh’r n kilogrﬁms?
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e What if we use famine N USD (instead of 1000 VSD)
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2  More on functional forms
bY=Yq- Y
bX= xu - xlz

I Logarithmic Functional Form

/ uswally meghg natural log
log(y) = By + By log(z1) + Baw2 +u

1
ofy - dlogy oy LAy mxPAY oy

d loq (X.,) 1 - -
I Ak Tk, oo s DXy X
1

with the logy & logx formal . the coetFicient is 40Wng
to be the elashicitp! (X, e\%fic‘d*y of V)
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> if we want te upper Form fo be 7 change | Thew
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I Models with Quadratics (506\1qu53

— Coptyre l'r\cxeqsingldecm&mg marginal eH@C’rS(SIOPQ of the
relakionship between x&Y 1S not constont )

_ De(reasing retiyrns
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e Demand: P =100-§

Example : Effects of Pullution on Housing]I)Ecés" Qo - %’10 ) 0( / o [is POSlh\K>
Foc ol g =9 -2Q

log(price) = f, +ﬁlog(n0x) + 22 log(dist) + %ro% —l—éroom2 —i-‘ﬁ—ég@op—; s (<)




Derivatives of exponential and logarithmic functions .
%(d“):ac"lnc, c>0

the equation above is true for all ¢, but the derivative for ¢ < 0 yields a complex number.
% (™) = ae

d 1
E(logcz)_z—lnc’ c>0,c#1

the equation above is also true for all ¢, but yields a complex numberif ¢ <

%(h:):%,"’;—;{— diny - 1 d(n(x):_‘l_,dx
S X X X

- (mlz) = <.

%(z‘) =z"(1+ Inz).

% (f(z)p(:)) = g(z)f(z)f(x)—l d_‘f + f(z)ﬂ(z) In (f(z))%, if f(z) > 0, and if d_'f and E exist.

dz dz
% (fl (I)lz(-')(""l' [z oz, fi(z )fz(zz)( Yalon) )]

d
, if ficn(z) > 0 and i exists.
Logarithmic derivatives |edt)
The logarithmic derivative is another way of stating the rule for differentiating the logarithm of a function (using the chain rule):

Ty =2y =Ty =2 dx

(Inf) = % wherever [ is positive.

| nnarithmir difforentiatinn ie a techniniie whicrh 11eae Innarithme and ite differantiatinn riilace tn cimnlifv rartain avnraccinne hafara
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where In the US gr mahy other countiies
price = housing price ctydents can apply To sthools ih The areQ
nox = level of pollution ] :
dist = distance from downtown w\’rhoui' hQ\nng to th th fQS‘f
rooms = number of rooms So, the lower stratio , tho better the schoal.

stratio = average student per teacher ratio
The estimation result is given by

regress Jlprice Tnox dist rooms rooms_sq stratio

source SS df MS Number of obs = 506
F(C 5, 500) = 155.62
Model 51.4933152 5 10.298663 Prob > F = 0.0000
Residual 33.0889098 500 .06617782 R-squared = 0.6088
Adj R-squared = 0.6049
Total 84.582225 505 .167489554 ROOT MSE = .25725
log (priR)
\b Tprice Coef. std. Err. t P>|t] [95% conf. Interval]
log(hox) —f? Tnox |P-.9767545 .0995938  -9.81 0.000  -1.172429 -.7810806
dist |A -.0321972 .0094013 -3.42 0.001 -.050668 -.0137264
rooms | By—.5528032 .1612965 -3.43 0.001 —. 8697056 —. 2359007
rooms_sq pq . 0624697 .0124867 5.00 0.000 .0379368 . 0870025
stratio ps—- 0486667 .0058131 -8.37 0.000 —. 0600879 —-.0372455
_cons 13.59154 . 5650901 24.05 0.000 12.4813 14.70178

£l >1.9¢% $al<o.os
~ all variables are significad

Consider the effect of "room"

dlog (price) - B,+ 2B 00me = -0.553 + 2(0.062).r00ms

ol rooms N
log (price) & of haw many rooms does A additional rgom has
)/ o positive impact on log(price) ?

o
b 0= -0.553 +2(0.082).ro0ms
4.4% > rooms$ rooms = 4.4

Answer = qt 4.4 momg or More
at ~ 5 rOmg or ™More

What wold be the % change in price when the number of

o dlogP® = _ 553 + 2(0082) . roams
drooms whon # rgoms 4

m increases from 5 to 67
VANV

Toral 7.4 in price
ffrom S to ¥

A doni 8 6F+19.17 = 95-8 )
@ Wed""& =100 (-0.553 + 2(0.062).95) —
drooms 0% 0.00%
- What qboyt 7 N Price When $ rgomg InCreases sh3?

7.6price = 100(-0.553+2(0.06)).€) =
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3 Models with Interaction Terms =5 used when the Im Pq d of
o Vyrigble dependS on
fhe Nalue (level) of anather variakle.
Xy,
—
price = By + Bysqrft + Bybdrms + Bysqrft °° bdrms + ,bthrms + u

X'\ xz X‘\ * Xl X?_

Consider

PHQQ larger
where A houge
price = housing price
sqr ft = house size (square feet) \
bdrms = number of bedrooms stl
bthrms = number of bathrooms hOUSQ
o dpriR _ > bed
% = Py t By S(tnc’r f0omS

dledrms

+ if B,>0 then  an qdditional Pedrgom wQuld INCreqse price

MEYe ‘&)r q |m‘gQX hQ\)SQ!
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4 More on the Goodness-of-Fit and Selection of Regressors
I Adding more regressors ALWAYS improve fit "% R> Qlway s ¢
o But we loge the " degree OF fregdam
(d.f - free dota point used to estimgte the parameter)
~ 1 data point is Sacrificed ewery fime we estimdie o pardmefer
o Using R* would not punish * having Too ™any regressors.

o We U adjusted - R of R° when W wont o punish adding foo manY regressors

R = 1- SR - q- SRy
ST "ssT/H

odj. R = 1.- SSR/(n-k-1)
Q\ §ST/(n-1)

¢ we hwe more Kk, df =n-K-19 SSRAn-k-n% ,adj-R*&

Using adjusted R-squared to choose between non-nested models (one model is not a
subset of another).

Consider Model 1

salary  830.63 +0.0163sales +19.63roc
~(223.90)  (0.0089) (11.08)
n = 209, R?>=0.029, R? =0.020

Consider Model 2

—

log(salary) 4.36 +0.2751log(sales) +0.0179r0e
(0.29) (0.033) (0.004)
no— 209 R*=0282 R2—0215 Q— 1357 OF
variation in Y is
exploned. Sq,
Phis modeel s better |



